(19) 



J 



Europaisches Patentamt 
European Patent Office 
Office europeen des brevets 



(12) 



(43) Date of publication: 

02.01.2003 Bulletin 2003/01 

(21) Application number: 02254306.0 

(22) Date of filing: 20.06.2002 



(11) EP 1 271 793 A2 

EUROPEAN PATENT APPLICATION 

(51) intci.7: H04B 1/38, H04Q 1/24 



(84) Designated Contracting States: 


• Rawdah, Omar 


AT BE OH CY DE DK ES Fl FR GB GR IE IT Li LU 


London, Greater London SW6 5LJ (GB) 


MC NL PT SE TR 


• D'Souza, Winand 


Designated Extension States: 


Bracknell, Berkshire RG12 OTT (GB) 


AL LT LV MK RO SI 


• Phelps, Andrew 




Southampton, Hampshire SOI 5 2GQ1 (GB) 


(30) Priority: 28.06.2001 US 892637 






(74) Representative: Johnson, Ian IVIichael 


(71) Applicant: Nokia Corporation 


Nokia iPR Department, 


02150 Espoo (Fl) 


Nokia House, 




Summit Avenue 


(72) inventors: 


Farnborough, Hampshire GU14 ONG (GB) 


• Johnson, Alan 




Firmiey, Surrey GUI 6 5BZ (GB) 





(54) Portable communications device 

(57) A portable communications device such as an 
integrated hands-free mobile telephone includes an an> 
tenna cavity which doubles as an audio cavity for an in- 



tegrated hands-free speaker. By using the antenna cav- 
ity as an audio cavity, space within the telephone can 
be saved and the telephone made smaller overall with- 
out compromising audio perfomiance. 
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Description 

[0001] This invention relates to a portable communi- 
cations device which includes a speaker and an anten- 
na, particularly but not exclusively to a device having an 5 
antenna cavity which forms the audio cavity for a hands- 
free speaker. 

[0002] The demand for new features in portable com- 
munications equipment, such as mobile telephones, 
continues to rise, while the size of these devices re- 
mains the same or is required to become even smaller. 
Some of these new features relate to the audio aspects 
of mobile telephones. For example, Integrated hands- 
free devices require a significant improvement in speak- 
er quality compared with the earphone speaker arrange- 
ment provided in conventional mobile telephones. Sim- 
ilarly, an improvement In speaker quality is required as 
mobile telephone speakers are increasingly used to play 
polyphonic ring-tones, downloaded midt files, FM radio 
and so on. 

[0003] An increase in .speaker performance can be 
brought about by the use of an audio cavity, In much the 
same way as a conventional audio system loudspeaker 
requires a speaker enclosure. However, an audio cavity 
inevitably takes up space within the body of the tele- 
phone. 

[0004] One of the objects of the present invention is 
to improve the usage of space within a portable com- 
munications device. 

[0005] According to the invention, there is provided a 
portable communications device including a speaker 
and an antenna, the antenna being associated with an 
antenna cavity which is arranged to form an audio cavity 
for the speaker. 

[0006] By sharing the volume which results from the 
presence of an antenna, for example in an intemal an- 
tenna arrangement, with the speaker, the need for a 
separate audio cavity is removed, so saving space and 
allowing the overall size of the device to be minimised, 
without adverse effects on audio performance. 
[0007] The antenna can be a patch antenna, for ex- 
ample a planar inverted-F antenna having a radiating 
conductor and a ground plane, the antenna cavity re- 
sulting from the required separation between the radi- 
ating conductor and the ground plane. Alternatively, the 
antenna can be a planar or meander antenna having a 
radiating conductor but not using a ground plane, the 
antenna cavity resulting from the need to avoid metallic 
objects In the vicinity of the radiating conductor. 
[0008] The antenna may be internal to the antenna 
cavity. The antenna may be extern alto the antenna cav- 
ity. The antenna cavity may be defined partially/wholly 
by antenna support means. Preferably, the antenna 
support means defines a sealed volume which Is used 
as an audio cavity. 

[0009] The speaker can be located outside the anten- 
na cavity and coupled to the cavity, for example by an 
audio duct. By locating the speaker outside the antenna 



cavity, adverse effects on antenna performance, caused 
by metal components in the speaker, can be avoided, 
while still making effective use of the antenna cavity as 

an audio cavity. 

[0010] According to the invention, there is also pro- 
vided a portable communications device including a 
speaker and an antenna, said antenna forming an an- 
tenna cavity within said device, said device including an 
audio cavity for the speaker, wherein the audio cavity 
and the antenna cavity are shared by said speaker and 
said antenna. 

[0011] The invention further provides an antenna 
module for a portable communications device, said de- 
vice including a housing portion and said antenna mod^ 
ule including an antenna and an audio outlet for a speak- 
er, the module being configured such that, when it is 
connected to said housing portion of the device, a 
sealed cavity is formed which comprises an audio cavity 
for a speaker mounted to the device. 
[0012] In accordance with the invention, there is still 
further provided a method of assembling a portable 
communications device, the device comprising a hous- 
ing, a speaker and an antenna module including an an- 
tenna, the method comprising the steps of mounting the 
speaker to the housing and mounting the antenna mod- 
ule to the housing to fomri a sealed volume between the 
antenna and the housing, said sealed volume including 
the speaker and said sealed volume comprising an au- 
dio cavity. 

[0013] Embodiments of the invention will now be de- 
scribed, by way of example, with reference to the ac- 
companying drawings, in which: 

Figure 1 is a perspective view of a mobile telephone 
handset; 

Figure 2 Is an exploded view of the rear of the hand- 
set of Figure 1 illustrating an Intemal antenna mod- 
ule with an audio outlet; 

Figure 3 is a schematic diagram of mobile tele- 
phone circuitry for use in the telephone handset of 
Figure 1 ; 

Figure 4 is a simplified cross-sectional view of the 
rear of the handset shown in Figure 2, when assem- 
bled; 

Figure 5 Is a schematic diagram Illustrating an an- 
tenna/audio cavity in a PI FA antenna arrangement; 
Figures 6a - c illustrate various forms of interna! me- 
ander antennas; 

Figure 7 is a schematic diagram Illustrating an an- 
tenna/audio cavity in a meander antenna arrange- 
ment; 

Figure 8 is a schematic diagram illustrating a speak- 
er arrangement in which an audio cavity is used as 
a front volume for a speaker; 
Figure 9 is a schematic diagram illustrating a speak- 
er arrangement In which an audio duct connects a 
speaker to an audio cavity; and 
Figure 1 0 is a schematic diagram illustrating a f ur- 



15 



20 



25 



30 



35 



40 



45 



50 



2 



BNSDCXJID: <EP 1271793A2_L> 



3 



EP 1 271 793 A2 



4 



ther embodiment of the invention, in which a speak- 
er Is located in the centre of an antenna arrange- 
ment. 

[0014] Referring to Figures 1 and 2, a mobile station 
in the form of a mobile telephone handset 1 includes a 
microphone 2, keypad 3, a hands-free mode selection 
key 4, an LCD display 5, an earphone speaker 6, a 
hands-free speaker 7 and an Intemal antenna 8. The 
location of the hands-free speaker 7 and antenna 8 are 
illustrated in Figure 2, which shows the back of the hand- 
set 1 with a rear cover (not shown) removed. 
[0015] The back of the handset 1 comprises a chassis 
9 having a recessed portion 1 0 for receiving an antenna 
module 1 1 . The recessed portion Includes a speaker clip 
an-angement 12 for receiving the hands-free speaker 7. 
The recessed portion 10 has a lip 13, so that when the 
antenna module 11 is fitted to the chassis 9, the re- 
cessed portion 10 and antenna module 11 form a sealed 
cavity between them, which will be described In more 
detail below with reference to Figure 4. 
[001 6] The antenna module 1 1 comprises an Integral- 
ly moulded plastic substrate 14 with an antenna pattern 
1 6 plated onto it to form part of the antenna 8, for exam- 
ple by using the moulded Interconnect device (MID) 
moulding process. A feed duct 1 6 on the chassis mates 
with a corresponding outlet 17 In the antenna module 
11 to pennltthe antenna to be connected to the PCB 18, 
which is mounted to the underside of the chassis 9. The 
antenna module 11 also Includes an integrally moulded 
audio outlet 1 9 for the hands-free speaker 8. 
[0017] The antenna module 11 is assembled to the 
chassis 9 by clipping the speaker 7 into the speaker clip 
arrangement 12 and fitting the antenna module 11 onto 
the recessed portion 10. In an alternative embodiment, 
there is a speaker clip arrangement in the antenna mod- 
ule 11 and the speaker 7 is clipped into the antenna 
module 11 prior to assembly to the chassis 9. 
[0018] The mobile station 1 is operable to communi- 
cate through cellular radio links with Indlviduat PLMNs 
(public land mobile network) shown schematically in 
Figure 1 as PLMN A, for example a GSM 1 800 MHz net- 
work. 

[0019] Figure 3 illustrates the major circuit compo- 
nents of the telephone handset 1 . Signal processing Is 
carried out under the control of a digital micro-controller 
20 which has an associated flash memory 21 . Electrical 
analogue audio signals are produced by microphone 2 
and amplified by pre-amplifier 22. Similarly, analogue 
audio signals are fed to the earphone speaker 6 through 
an amplifier 23 or to the hands-free speaker 7 through 
an amplifier 24, depending on which speaker is select- 
ed. The micro-controller 20 receives instruction signals 
from the keypad 3 and hands-free mode selection key 
4 and controls operation of the LCD display 5. The 
hands-free mode selection key 4 is used to instruct the 
micro-controller 20 to switch between the earphone and 
hands-free speakers 8, 7. 



[0020] Information concerning the identity of the user 
is held on a smart card 25 In the form of a GSM SIM 
card which contains the usual GSM international mobile 
subscriber identity (IMSI) and an encryption key Kj that 
5 is used for encoding the radio transmission In a manner 
well known per se. The SIM card is removably received 
in a SIM card reader 26. 

[0021] The mobile telephone circuitry includes a co- 
dec 27 and an rf stage 28 feeding the antenna 7. 
[0022] Figure 4 is a simplified cross-sectional view of 
the handset 1 along the line A-A' in Figure 2, not showing 
the speaker clip arrangement or other incidental details. 
When the antenna module 1 1 is assembled to the chas- 
sis 9, a cavity 29 is formed, which acts as an audio cavity 
for the speaker 7, in this case a sealed back volume. A 
common or shared antenna and audio cavity Is therefore 
provided. To avoid adverse effects on antenna operation 
caused by metal components within the hands-free 
speaker 7, the speaker is not mounted directly under- 
neath the antenna 8, but adjacent to it. The antenna pat- 
tern 15 together with a ground plane 16 formed by the 
PCB, together form the antenna 8, which is known as a 
patch antenna and more specif teally a planar inverted- 
F antenna (PIFA). 

[0023] Figure 5 illustrates the general configuration of 
an antenna of the PIFA type, comprising a radiating con- 
ductive plate 30 mounted on a dielectric support 31 and 
a ground plane 32, for example the PCB to which the 
handset components are mounted or the surface of the 
RF screening cans mounted to the PCB. For correct op- 
eration, a separatiori'of around 6 - 7mm is required be- 
tween the conductive plate 30 and the ground plane 32. 
Therefore, with atypical dielectric thickness of 1mm, the 
gap of 5 - 6mm between the dielectric 31 and the ground 
plane 32 is available to be used as an audio cavity 33. 
The smaller cavity 34 above the speaker 7 acts as a 
duct to port the audio signal into the larger audio cavity 
33 between the antenna plates 30, 32. 
[0024] Many different types of internal antenna are 
suitable to implement the invention, Including plate an- 
tennas and meander type antennas, three examples of 
which are shown in Figures 6a - c. A meander type an- 
tenna comprises an antenna element 40 arranged with- 
in a handset casing 41 In such a way that the handset 
PCB 42 does not act as a ground plane for the antenna. 
With this type of antenna, It is therefore important that 
there are no metallic components within the casing be- 
neath the antenna element, since such elements would 
act as a ground plane emd affect antenna operation. This 
makes the space beneath the antenna element suitable 
for use as an audio cavity. 

[0025] A meander antenna arrangement analogous 
to the PIFA antenna an-angement shown in Figure 5 is 
illustrated in Figure 7, comprising an antenna pattern 50 
above an audio cavity 51 . 

[0026] Figure 8 illustrates a speaker arrangement in 
a telephone handset 60 in which a speaker 7 is mounted 
against a battery 61 . An audio outlet 62 is located so 
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that an audio cavity 63 beneath an antenna 64 forms a 
front volume for the speaker 7, rather than a back vol- 
ume. In alternative embodiments, combined front and 
back volumes are envisaged. 

[0027] The various alternative embodiments de- 
scribed are not intended to be limiting; the particular ar- 
rangement used in any case by which the audio and an- 
tenna cavities are shared depends on the layout and re- 
quirements of the particular communications device in 
question. For example, in the embodiment shown in Fig- 
ure 9, the speaker 7 can be separated from the antenna 
8 and an audio duct 71 used to port the audio signal to 
the antenna/audio cavity 72. In a further embodiment 
shown in Figure 1 0, thespeaker 7 is located In the centre 
of a plate antenna, with active antenna elements 80 sur- 
rounding it, over an antenna/audio cavity 81 . 

Claims 

1. A portable communications device including a 
speaker and an antenna, the antenna being asso- 
ciated with an antenna cavity which is arranged to 
form an audio cavity for the speaker. 

2. A portable communications device according to 
claim 1 , wherein the antenna comprises a ground 
plane and a radiating conductor spaced from the 
ground plane, the antenna cavity comprising the 
space between the radiating conductor and the 
ground plane. 

3. A portable communications device according to 
claim 2, further comprising a printed circuit board to 
which device components are mounted, wherein 
the ground plane comprises the printed circuit 
board. 

4. A portable communications device according to 
claim 2, further comprising a printed circuit board to 
which at least one radio frequency screening can is 
mounted, wherein the ground plane comprises a 
surface of said at least one of the screening cans. 

5. A portable communications device according to 
claim 2, wherein the antenna comprises a patch an- 
tenna. 

6. A portable communications device according to 
claim 5, wherein the antenna comprises a planar 
inverted-F antenna (PI FA). 

7. A portable communications device according to 
claim 1 , including a housing to which the antenna 
Is mounted, wherein the antenna includes a radiat- 
ing element spaced from the housing and the an- 
tenna cavity comprises the space between the ra- 
diating element and the housing. 



8. A portable communications device according to 
claim 7, wherein the antenna is selected from a me- 
ander antenna or a planar antenna. 

5 9. A portable communications device according to 
claim 1 , wherein the antenna is Internal to the an- 
tenna cavity. 

10. A portable communications device according to 
10 claim 1 , wherein the antenna is external to the an- 
tenna cavity. 

11. A portable communications' device according to 
claim 1 , wherein the antenna cavity is defined by 

IS antenna support means. 

12. A portable communications device according to 
claim 11 , wherein the antenna support means de- 
fines a sealed volume which is used as an audio 

20 cavity. 

13. A portable commumcations device according to 
claim 1 , wherein the speaker is located outside the 
antenna cavity. 

25 

14. A portable communications device according to 
claim 13, wherein the speaker is located adjacent 
to the antenna. 

30 15. A portable corfimunications device according to 
claim 13, further'comprising a duct for connecting 
the speaker to the audio cavity. 

18. A portable communications device according to 
35 claim 1, wherein the audio cavity comprises a 
sealed volume. 

17. A portable communications device according to 
claim 1 , wherein the audio cavity comprises a back 

40 volume for the speaker. 

18. A portable communications device according to 
claim 1 , wherein the audio cavity comprises a front 
volume for the speaker. 

45 

19. A portable communications device according to 
claim 1 , comprising a mobile telephone. 

20. A portable communications device according to 
so claim 1 , wherein the speaker comprises a hands- 
free speaker. 

21. A portable communications device including a 

speaker and an antenna, said antenna fomning an 
55 antenna cavity within said device, said device in- 
cluding an audio cavity for the speaker, wherein the 
audio cavity and the antenna cavity are shared by 
said speaker and said antenna. 
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22. An antenna module for a portable communications 
device, said device including a housing portion and 

said antenna module including an antenna and an 
audio outlet for a speaker, the module being config- 
ured such that, when it is connected to said housing s 
portion of the device, a sealed cavity is formed 
which comprises an audio cavity for a speaker 
mounted to the device. 

23. An antenna module according to claim 22, including io 
means for receiving a speal<er. 

24. An antenna module according to claim 23, wherein 
said, means comprise a clip arrangement. 

15 

25. A method of assembling a portable communications 
device, the device comprising a housing, a speaker 
and an antenna module including an antenna, the 
method comprising the steps of mounting the 
speaker to the housing and mounting the antenna 20 
module to the housing to form a sealed volume be- 
tween the antenna and the housing, said sealed vol- 
ume including the speaker and said sealed volume 
comprising an audio cavity. 

25 

26. A method according to claim 25, wherein the step 
of mounting the speaker to the housing comprises 
first mounting the speaker to the antenna module 
so that the step of mounting the antenna module to 

the housing simultaneously mounts the speaker to so 
the housing. 
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(57) A portable communications device suchi as an 
integrated hands-free mobile telephone includes an an- 
tenna cavity which doubles as an audio cavity for an In- 
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ity as an audio cavity, space within the telephone can 
be saved and the telephone made smaller overall with- 
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